Objective: We aimed to characterize non-AIDS events (NAEs) occurring in newly diagnosed HIV-infected patients in a contemporary cohort.
Introduction
The advent of combination antiretroviral therapy (cART) has shifted patterns of morbidity and mortality in HIVinfected persons from AIDS-defining diseases, consisting of immunodeficiency-related opportunistic infections and malignancies, to the so-called non-AIDS events (NAEs) [1, 2] . The cause of NAEs is probably multifactorial; they have been related to cART-associated toxicity [3, 4] , older age [5] [6] [7] [8] [9] , low CD4 cell counts [6, [8] [9] [10] , immune activation in spite of effective ART [11] , and lifestyle issues [6, 9, 12] .
Most studies dealing with the epidemiology of NAEs have focused on severe NAEs [2] , non-AIDS-defining deaths [2, 8] , or on specific events, such as neoplasms or cardiovascular diseases [12, [13] [14] [15] [16] , but very few have addressed the occurrence of the overall spectrum of NAEs. Moreover, these latter studies involve cohorts in which follow-up started in the pre or peri-cART period [6, 7, 10] , when antiretroviral regimens included drugs with higher metabolic toxicity and patients reached higher levels of immune deficiency. Whether the frequency, spectrum, and risk factors for NAEs are the same in patients diagnosed in the current era, characterized by an increasing trend to earlier cART initiation, a growing use of the less toxic new antiretrovirals, and a change in some lifestyle factors, such as a decreasing smoking habit, is unknown.
We investigated the incidence, risk factors, and mortality associated with the occurrence of NAEs in newly diagnosed HIV-infected patients from a contemporary cohort.
Methods
The cohort of adults with HIV infection of the AIDS Research Network (CoRIS) is an open, prospective, multicenter cohort of adult participants with confirmed HIV infection, naive to ART at study entry, who are recruited in HIV care units of the Spanish Public Health System [17] . CoRIS was launched in 2004. Currently, 28 sites -27 public hospitals and one HIV/STD clinicfrom 13 of the 17 autonomous communities that make up Spain participate in the cohort. Each center recruits into the cohort all individuals seen for the first time in the center who meet the following criteria: over 13 years of age, confirmed HIV diagnosis, and naive to ART. Written informed consent is obtained from all the patients. Patient information is collected using two structured questionnaires, one at cohort entry and the other for follow-up visits. Demographic, clinical, laboratory, microbiological, and treatment information is recorded. Among clinical data, all AIDS-defining diseases occurred since the HIV diagnosis and during follow-up are registered. cART is documented in detail, with the beginning and ending dates for each drug. Data are collected at baseline and prospectively updated and sent to the coordinating center every 6 months until 2008, and annually since then. Patient follow-up ends when the patient dies or transfers follow-up care to another center that is not CoRIS and cannot provide follow-up. In the coordinating center, all information is transformed into a standardized format and merged into a central dataset in a software application designed for the study.
All centers were invited in February 2008 to provide the following incident NAEs: cardiovascular-related (acute myocardial infarction, angina, congestive heart failure, stroke, transient ischemic attack, silent cerebrovascular disease, peripheral arterial disease, coronary-related death), non-AIDS-defining malignancies, renal-related (acute renal failure, chronic kidney disease, renal tubulopathy/Fanconi syndrome, permanent dialysis, kidney biopsy), liver-related (ascites, hepatic encephalopathy, variceal hemorrhage, hepatic transplant, hepatocellular carcinoma, liver insufficiency/cirrhosis), psychiatric (depression requiring drug therapy, suicide attempt, psychosis), bone-related (nontraumatic vertebral and nonvertebral fractures, avascular necrosis of the bone), and metabolic (diabetes, lactic acidosis). Centers were asked to collect retrospectively all of the above NAEs occurring from the day of entry in the cohort to February 2008 (including patients who had died or were lost to follow-up prior to data collection) and to report them prospectively since then. Additionally, all deaths occurring from the day of inclusion in the cohort in which the main cause was attributed to any of the above NAEs were included among NAEs.
Centers were provided with a structured event reporting form containing the list of events to be reported and the precise definition of each NAE required for the inclusion (see Supplemental Data Files, http://links.lww.com/ QAD/A261). Investigators also had to fill a specific event form for each particular NAE with additional data detailing the event. AIDS events were diagnosed using the clinical definition from the Centers for Disease Control and Prevention (CDC) [18] .
Death due to an AIDS-defining event was defined as death attributable to a category C disease listed by the CDCs [18] . Death due to a NAE was classified according to a revised version of the 'Coding Death in HIV' (CoDe) classification system [19, 20] .
Statistical analyses
Descriptive analyses were used to summarize the incidence rates of each of the NAEs or AIDS events, and the characteristics of the patients developing them. Incidence rates of clinical events were calculated as the number of new events divided by the number of person-years of follow-up. Follow-up for the analysis of incident NAEs and AIDS events accrued from the day of inclusion in the cohort to the date of the development of a NAE or AIDS event, respectively. Only events occurring after cohort entry were included in analyses. Follow-up of patients not developing events accrued from the day of inclusion in the cohort to the date of last visit or death. Data were abstracted from the study database on February 2011 and follow-up of patients was administratively censored after the last cohort merging on 31 October 2010. As the number of subsequent events developing in the same patient was low, for simplicity, analyses for the overall spectrum of NAEs and AIDS events were based only on the first event that occurred during follow-up. Poisson regression models were used to determine the demographic, clinical, and treatmentrelated factors associated with the development of a new NAE or AIDS event. cARTexposure was included in the model as time-dependent covariate. In patients on cART, we measured time from the start of cART until the diagnosis of the event or the last follow-up visit. We used an intent-to-treat approach and, thus, ignored subsequent changes in treatment, including treatment interruptions and terminations. Multivariable models were adjusted for the effect of all the variables included in univariate analyses. All analyses were stratified by center. Independent-adjusted models were developed to assess factors associated with the occurrence of any first NAE, and with the occurrence of each specific NAE category; for this last analysis, all events occurring in the same person belonging to different categories were included. Incidence rate ratios (IRRs) for death were estimated using Poisson regression. All the analyses were conducted using Stata software (V.11.2; Stata Corporation, College Station, Texas, USA).
Results

Baseline characteristics
Overall, 5185 patients, with 13.306 person-years of follow-up, were analyzed. Demographic and clinical characteristics of the patients are provided in Table 1 . Median time since HIV diagnosis was 0.11 years [interquartile range (IQR) 0.03-0.51 years], and 86.5% of the patients had been diagnosed in 2004 or later. Median CD4 cell count at inclusion in the cohort was 342 cells/ml (IQR 163-546 cells/ml).
A total of 3522 (67.92%) patients started cART during follow-up with a median total treatment duration of 1.71 years (IQR 0.57-3.30 years). The most frequent antiretroviral regimens at the last cohort visit or just Fig. 2 ). The mean (SD) CD4 cell count at which cART was initiated increased steadily throughout the observation period; 147 (IQR 56-271) cells/ml in 2004 to 278 (IQR 168-357) cells/ml in 2010 (P < 0.001, test for linear trend). Accordingly, there was also a decrease in the number of AIDS events over calendar time during the same period (Fig. 2) . The proportion of patients included in the cohort developing incident AIDS events within the first 3 months after the diagnosis of HIV infection was 2.92% during 2004-2007 and 2.53% during 2008-2010 (P ¼ 0.399).
Risk factors for the development of non-AIDS events
Factors associated with the occurrence of any first NAE are shown in Fig. 3 and Supplemental Data, http:// links.lww.com/QAD/A261. In unadjusted analysis, there was an increased IRR for the occurrence of any NAE with increasing age, hepatitis C virus (HCV) coinfection, prior clinical AIDS, lower CD4 cell count at cohort entry with a gradient effect, and higher HIV-viral load. Factors inversely associated with the development of NAEs were HIV transmission categories MSM and heterosexual, and secondary or higher educational level. After adjustment ( Fig. 3 and Supplemental Data, http://links.lww.com/ QAD/A261), the occurrence of a first NAE remained inversely associated with initiation of cART, sexual transmission of HIV infection and higher educational level, whereas the likelihood significantly increased with age, with a gradient effect (highest likelihood in those with age >50 years), higher viral load, and CD4 cell counts less than 200 cells/ml at cohort entry. An exploratory analysis including subsequent events occurring in the same patient showed similar results (data not shown).
The IRR for each specific NAE category adjusted for age, prior clinical AIDS, exposure to cART, and CD4 cell count at cohort entry are shown in Fig. 4 and Supplemental Data, http://links.lww.com/QAD/A261. Older participants showed higher IRRs for all NAE categories. Initiation of cART was inversely associated with the incidence of psychiatric and kidney-related NAEs.
Mortality associated with non-AIDS events and AIDS events
One hundred and seventy-three (3.33%) patients died during the study period; in 50 (28.90% of all deaths) of them, the cause of death was a NAE. The incidence rate (95% CI) for death in the cohort was 13.00 (11.20-15. Fig. 3 . Unadjusted and adjusted incidence rate ratios for the occurrence of non-AIDS events. Multivariable models were adjusted for sex, age, HIV transmission group, educational level, prior AIDS, hepatitis C coinfection, CD4 cells, and HIV viral load at cohort entry, and antiretroviral therapy initiation. CI, confidence interval; FU, follow-up in patient-years; IDU, injection drug user; IRR, incidence rate ratio. Fig. 4 . Adjusted incidence rate ratios for each specific category of non-AIDS events. Multivariable models were adjusted for sex, age, HIV transmission group, educational level, prior AIDS, hepatitis C coinfection, CD4 cells and HIV viral load at cohort entry, and antiretroviral therapy initiation. CI, confidence interval.
Discussion
This is the first large study addressing the occurrence of NAEs in recently diagnosed HIV-infected patients in the current era, when relatively nontoxic antiretroviral agents are available for treatment. We have found that the spectrum of NAEs developing in these patients includes psychiatric, hepatic, and malignant diseases among the three most frequent causes. The associated mortality is significant, because NAEs accounted for nearly one-third of all deaths occurring in the patients. We have also identified several predictors for the development of NAEs, and one of them was cART, which showed an inverse association with NAEs, particularly with renal and psychiatric events. Finally, our results suggest a decrease in the occurrence of NAEs over time in parallel to a documented earlier initiation of cART.
According to our data, clinicians should be aware that during the initial follow-up after HIV diagnosis, NAEs do occur and, as expected, older patients and those presenting with lower CD4 cell counts and higher viral load are at increased risk for their occurrence [6] [7] [8] [9] [10] . Additionally, we found novel sociodemographic factors to be inversely associated with NAEs, including a higher educational level and sexual transmission. A recent study has revealed an association between lower educational level and both, delayed HIV diagnosis and higher mortality rates [21] , the two conditions potentially linked with a higher occurrence of NAEs. Also consistent with our results, sexual transmission has been related to earlier HIV diagnosis and lower mortality when compared to injection drug use, the alternative major HIV transmission route [21, 22] . However, one of the most relevant findings from this contemporary study is the lower incidence of NAEs associated with exposure to cART, and the inverse relationship of cART with renal and psychiatric events. To the best of our knowledge, no beneficial effect of cARTon different NAE categories had been demonstrated in cohort studies besides the Strategies for Management of Antiretroviral Therapy (SMART) trial [23] , in which structured interruptions of therapy were associated with a higher incidence of several NAEs compared to continuous therapy.
Renal-related events were significantly less frequent among patients receiving cART. Whereas in previous cohorts reporting on incidence of NAEs, only end-stage renal disease/severe nephropathy [6, 7] , or chronic kidney disease [24] comprised this NAE category, we included a broader spectrum of renal disease, among which acute renal failure was the most common event. This probably contributes to explain the higher incidence of renal events found in our cohort in comparison with previous ones. Our findings support an overall beneficial effect of cART on renal complications of HIV disease that might well extend beyond HIV-associated nephropathy [25] . This study is also the first to show an inverse relationship between cART and psychiatric events occurrence in a prospective cohort. This was an unexpected finding, especially when the most common antiretroviral regimens in our cohort were based on efavirenz, an antiretroviral drug linked with central nervous system toxicity [26] . Data from experimental studies suggest that HIV per se and/or the associated inflammation may play an important role in HIV-associated depression [27] , which turned out to be the most frequent psychiatric event in our cohort. Most investigations have focused on potential mechanisms linking inflammation-induced depression to tryptophan metabolism, as a reduction in the bioavailability of tryptophan could affect serotonergic neurotransmission in the brain leading to depressive symptoms [28] . As cART may downregulate the immune system in HIV-infected patients, it might also be expected to reduce the risk of depression.
The most common NAEs developing in the patients were psychiatric, hepatic, and neoplastic events. This is in contrast to earlier cohorts in which, apart from bacterial infections, the most frequent NAEs were malignancies and cardiovascular events [6, 7, 10] . Factors partially contributing to explain such differences might be the lower CD4 nadir achieved by the patients in the past, the higher toxicity of older antiretrovirals, both associated with the occurrence of malignancies and cardiovascular events, respectively [5, 12, 13, 15, 29, 30] , and the shorter follow-up period. Nevertheless, the comparison of the incidence of NAEs between different studies is complex due to the heterogeneous composition of each NAE class, differences in the definitions of the specific events, and even the absence of a consensus about the categories to be included under the term of NAE. Psychiatric events, the most frequent event category in our cohort, have scarcely been included among NAEs [2, 6, 9, 31] , although it was one of the causes of death in our patients. The second most frequent category was hepatic-related events, in spite of the lower prevalence of HCV infection in this cohort compared with older Spanish studies [32] [33] [34] . This is in agreement with the increase in the proportion of patients with HCV who develop cirrhosis, and in the cirrhosis-associated mortality described in recent years [35] . Likewise, an increase of HCV cirrhosis and its complications is projected to occur through the next decade [36] . A smaller percentage of patients were infected with hepatitis B virus, which might also have contributed to the liver-associated events. By contrast, cardiovascular events were visibly less frequent in our patients than in previous cohorts. Apart from the above mentioned factors, other issues probably contributing to this lower incidence were the younger age of the patients, the shorter follow-up compared with other cohorts, and the lower incidence of coronary heart disease in southern Europe compared with other western countries [37] .
Although differences in data collection during the two periods preclude any conclusion to be drawn, we observed that the incidence rate of NAEs during the last follow-up period (2008-2010) was lower than the incidence during the years following cohort initiation, a remarkable finding considering the prospective collection of events in recent years. Apart from reporting delay as one of the contributing factors, this may support the inverse relationship between NAEs and cART which, as we documented, was initiated earlier throughout the observation period. Accordingly, there was a concomitant decrease in AIDS events during the study. It is noteworthy the relatively elevated incidence rate of AIDS despite the contemporary nature of the cohort. Many AIDS events occurred within the first 3 months after the diagnosis of HIV infection, suggesting that they were late HIV diagnoses, a current prevalent and concerning issue [22, 38, 39] that has been particularly common in our cohort [40] . No differences were found in the proportion of 'late diagnoses', according to the above definition, between the periods 2004-2007 and 2008-2010.
Mortality among patients developing NAEs was significant, as it contributed to one-third of all deaths. Malignancies and liver-related were the most frequent NAEs-related death categories. Of concern, both were among the three most frequent NAEs occurring in the patients. This may suggest that, apart from the cART, additional strategies should be adopted during the initial care to contribute to reducing mortality in recently diagnosed HIV-infected patients, including a more exhaustive intervention on HCV, papillomavirus, and smoking habit among others.
Limitations of the study are the mentioned retrospective collection of NAEs until February 2008. Second, the observational nature of the study does not allow establishing a causal relationship between ART and the occurrence of NAEs with the statistical methods used herein. Marginal structural models constitute the methodological approach of choice to determine the effect of cARTon the occurrence of NAEs for this cohort studies [41] . Additionally, no data were available of additional risk factors for the development of NAEs, such as cardiovascular risk factors or lifestyle issues, and the low number of events in some categories and the differences in their pathogenesis (i.e. in the non-AIDS-defining malignancies category) might not allow detecting some existing associations. The strengths are the contemporary nature of the cohort, with a majority of recently diagnosed patients, naive at entry, with comparable criteria for cART initiation as those currently used, and with most of the newest and less toxic antiretrovirals available. The high number of both, ART-naive patients and modern antiretroviral regimens, allowed us to show the association of cART with the incidence of NAEs in the current ARTera. Additional strengths are the country representativeness of the cohort, the inclusion of a great majority of clinically overt events, the homogeneity of the NAEs included, with prespecified and precise diagnostic criteria followed by all the centers, and the inclusion of psychiatric events, which turned out to be the main cause of NAEs and had an inverse association with cART, hence warranting their inclusion from now among NAEs categories.
Conclusion
In conclusion, in patients newly diagnosed with HIV infection in the current era, NAEs are a frequent cause of morbidity and mortality during the initial follow-up, with a predominance of psychiatric, hepatic, malignant, and renal-related diseases. Our results suggest a beneficial effect of cART in the occurrence of NAEs, especially in psychiatric and renal related NAEs.
